INTRODUCTION
This map report is one of a series of geologic and hydrologic maps covering all or parts of States within the Basin and Range province of the' western United States. The map reports in this series contain detailed information on the geohydrology of the province, including the ground-water hydrology, ground-water quality, surface distribution of selected rock types, tectonic conditions, areal geophysics, Pleistocene lakes and marshes, and mineral and energy resources. This work is a part of the U.S. Geological Survey's program for geologic and hydrologic evaluation of the Basin and Range province to identify prospective regions for further study relative to isolation of high-level nuclear waste (Bedinger, Sargent, and Reed, 1984) .
This map report was prepared from published geologic maps and reports utilizing the project guidelines defined in Sargent and Bedinger (1984) . The map shows the known occurrences of pre-Quaternary ash-flow tuff and laharic breccia and associated tuff breccia and agglomerate. The Description of Map Units includes the geologic age, radiometric age, if available, the lithology, thickness where available, and sources of data for the tuffs and laharic breccias in outlined and numbered areas in the counties of the study area. The radiometric ages do not necessarily represent the entire age range of the geologic units. Nomenclature of the geologic units in this map report is from published reports and does not necessarily conform to U.S. Geological Survey usage.
Multiple flow, compositional ly Chapin and others, 1978; Deal, 1973; Elston, 1976; El ston and others , 1973, 1976; Lopez and Bornhorst, 1979; Machette, 1978; Osburn and Chapin, 1983b Vicks Moderately welded, puniceous, rhyolite ash-flow tuff with few crystals; generally as much as 40 ft thick, locally greater than 200 ft thick. Locally overlain and underlain by tongues of La Jara Peak Basaltic Andesite. Mapped as rhyolite tuff of Wahoo Canyon by Lopez and Bornhorst (1979) .
Multiple-flow, compound cooling unit, densely welded, rhyolite ash-flow tuffs with few crystals. Locally overlain by tongue of La Jara Peak Basaltic Andesite. Mapped as A-L Peak Rhyolite by Lopez and Bornhorst (1979) .
Multiple-flow, simple cooling unit, slightly to moderately welded, rhyolite ash-flow tuff with numerous crystals; outflow thickness regionally as much as 800 ft. Locally overlain by volcaniclastic rocks of South Crosby Peak Formation. Unit includes tuff of Ary Ranch and tuff of Rock Tank (Lopez and Bornhorst, 1979 Locally derived, extremely porous, slightly welded, felsic ash-flow and ashfall tuff, minor conglomerate, and sandstone. Moat-fill of Bursum caldera; as much as 1,150 ft thick. Ratte, 1981 Elston, 1976 Ratte, 1981; Rattfe and Gaskill 1975; Rhodes, 1970 Rhodes, , 1976a Moderately to densely welded ash-flow tuff with numerous crystals; ranges from quartz latite at top to rhyolite at base of exposed section.
Includes avalanche and mudfl ow-breccia deposits at southern and western margins of Bursum caldera. Thickness more than 2,620 ft, base not exposed. Locally overlain by lava flows of Sacaton Quartz Latite.
Rhyolite tuff, conglomerate, and sandstone; tuff is 1 ithol ogically similar to Deadwood Gulch Member of Fanney Rhyolite in county area C-6. Thickness about 1,150 ft. Unit interfingers with basaltic andesite of Bearwallow Mountain Formation. Occurs along West Fork Gil a River.
Moderately to densely welded, ash-flow tuffs with few lithic fragments. Thickness at least 1,000 ft, base not exposed. Elston, 1976; Ratte, 1981; Ratte and Gaskill, 197b; Rhodes, 1976a Rhodes, , 1976b DONA ANA COUNTY (DA) Moderately to densely welded, rhyolite ash-flow tuff, minor air-fall tuff, and breccia at base of unit. At least 2,500 ft thick near center of DoTia Ana cauldron.
DA-1 Tt

DA-2 Tl
DA-3 Tt
DA-4 Tt
DA-5 Tt
Epiclastic, andesitic rocks and lava flows; thickness may exceed 1,950 ft locally.
Soledad Rhyolite is densely welded rhyolitic ash-flow tuff about 9,000 ft thick.
Cueva Tuff is pumiceous, ash-flow tuff interbedded with epiclastic beds; thickness 200 to 1,350 ft. Seager and Hawley, 1973; Seager and others, 1982 demons, 1976 , 1977 demons and Seager, 1973; Jicha, 1954; Seager and others, 197b, 1982 Seager and others, 1976 Dunham, 1935 Seager, 1973a Seager, , 1981 Orejon Andesite Undivided dacitic to rhyolitic lava and pyroclastic breccia; thickness 600 to 1,000 ft.
Intrusive-extrusive, rhyolite dome complex.
In descending order: autobrecciated rhyolite, massive to flow-banded, contains obsidian layers; air-fall pyroclastic breccia, bedded, pumiceous, maximum thickness about 150 ft; and rhyolite breccia, massive to thick-bedded, maximum thickness about 500 ft. Total combined thickness at least 1,200 ft.
Quartz latite to rhyolite pyroclastic rocks, including ash-flow tuffs and some fl ows.
Volcaniclastic rocks, some of laharic origin.
Rhyolitic ash-flow tuff, more welded toward base; thickness as much as 520 ft.
Partly welded, quartz latitic ash-flow tuff and basal, air-fall, lapilli tuff; intercalated with basaltic andesite. Thickness as much as 430 ft.
Massive beds of air-fall tuff that grade upward and laterally to sandstone; includes a basal tuff breccia and volcanic conglomerate. Thickness as much as 130 ft.
Alternating thin, welded, quartz latitic ash-flow tuff, indurated air-fall tuff, and tuff breccia. Thickness 650 to 1,215 ft.
Sequence of quartz latitic ash-flow tuffs interbedded with minor rhyolitic sandstone, tuff breccia, and air-fall tuff; may exceed 3,000 ft in thickness. Individual ash-flow tuffs have various degrees of welding, locally contains lithic fragments; as much as 1,000 ft thick.
Partly welded, quartz latitic ash-flow tuff, as much as 620 ft thick.
Rhyolitic ash-flow tuff, increasingly welded toward base. Thickness, 100 to 520 ft.
Massive, quartz latitic ash-flow tuff. Thickness, as much as 655 ft.
Partly to densely welded ash-flow tuff, forms compound cooling unit; interlayered with latitic and andesitic flows; thickness, 195 to 490 ft Elston, 1976 Elston, , 1978 Ratte and Hedlund, 1981; Rhodes and Smith, 1972 New Mexico Geological Society, 1982; G. R. Osburn, New Mexico Bureau of Mines and Mineral Resources, written commun., 1983 Finnell, 1982 Elston, 1976 Finnell, 1976 Finnell, , 1982 Jones and others, 1970; Ratte, 1981; Ratt^ and Gaskill, 1975; Rhodes, 1976a Aldrich, 1976; Ericksen and others, 1970; Ratte and Gaskill, 197b Cunningham, 1974 Elston, 19b7; Ericksen and others, 1970; Hedlund, 1978c; Hernon and others, 1964; Jones and others, 1970 Tuff Ballman, 1960; Hedlund, 1978a , 1978b , 1978d , 1978f, 1980 Deal and others, 1978 Thorman, 1977; Zeller, 1970 Bromfield 
Tuff of Trail Tertiary Creek
Rhyolitic and latitic tuffs, some tuffaceous sandstone and conglomerate, and some latite(?) and andesite flows. Maximum thickness at least 1,400 ft. Overlain and underlain by mostly basaltic andesite flows.
Upper part is quartz latite flows and welded tuff; locally tuff more than 700 ft thick, but thins rapidly laterally. Lower part, andesitic breccia, agglomerate, and minor andesitic flows. Total thickness of unit greater than 1,500 ft. Located in northernmost part of area. Relationship to Datil Formation uncertain. As much as 2,000 ft of rhyolitic, welded ash-flow tuff and minor air-fall tuff.
Tuff with numerous crystals, may correlate with a member of Rhyolite Canyon Formation in Chiricahua Mountains of Arizona. Griggs and Wagner, 1966; Morrison, 19bb Drewes and Thorman, 1980a Deal and others, 1978; Thorman and Drewes, 1978. Armstrong and others, 1978; Thorman, 1980b Deal and others, 1978; Gi Herman, 1958; Ha yes, 1982 Coney, 1976; Deal, 1973; Elston, 1957 Elston, , 1976 others, 1975, 1976; Ericksen and others, 1970; Fodor, 1976; Kuellmer, 1954 Pumiceous, crystal, ash-flow tuff; thickness as much as 300 ft.
Rhyolitic to latitic air-fall tuff and breccia, talus breccia and associated epiclastic rocks; minor ash-flow tuff and vitrophyre. Formation thickness probably several thousand feet within Emory cauldron; interpreted as moat-fill and cauldron-rim deposits.
Latitic crystal-vitric, ash-flow tuff, quartz latitic to rhyolitic at base; multipl e-flow compound cooling unit. Cauldron facies 1,650 to 3,300 ft thick; outflow facies less than 500 ft thick.
Tuffaceous sandstone, conglomerate, pumice flows, and thin ash-flow tuffs; as much as 1,485 ft thick.
Andesitic to latitic laharic breccia and sediments; tuffaceous. Some air-fall tuff beds and andesitic to latitic flows. Tuffaceous beds zeolitically altered.
Very altered and mineralized, andesite flows, tuffs, and agglomerate, and minor felsic tuff, flows, and sandstone.
Lithologies of both units similar to descriptions in county area L-2. Kneeling Nun Tuff 10 to 200 ft thick.
Sugarlump about 1,000 ft thick.
Rhyolitic air-fall tuff and breccia, minor ash-flow tuff, tuffaceous sandstone, and conglomerate; total thickness as much as 800 ft.
Lithological ly similar to formation in county area L-2; thickness as much as 2,000 ft.
Epiclastic strata interbedded with coarser-grained laharic breccia. Lacustrine sediments near top of formation. Generally 2,000 ft thick but locally thins to 100 ft or less.
Densely welded ash-flow tuff, air-fall tuff, and sedimentary rock, as much as 500 ft thick. Elston and others, 197b; Jicha, 1954; Seager and others, 1982 Seager and others, 1982 Seager and others, 1982 (Osburn and Chapin, 1983b) .
Rhyolitic ash-flow tuffs with few to moderate number of crystals. Includes part of previously named A-L Peak and Potato Canyon Rhyol ite Tuffs (now obsolete). See Osburn and Chapin (1983b) for reel assification of tuffs in thi s area.
Rhyolitic ash-flow tuffs with few to numerous crystals. Includes part of previously named Potato Canyon Rhyol ite Tuff (Osburn and Chapin, 1983b ).
Moderately to densely welded, rhyolitic ash-flow tuff with few crystals and locally little pumice; thickness greater than 2,130 ft.
Rhyol ite ash-flow tuffs with few crystals; formerly miscorrel ated with A-L Peak Tuff of former usage (Osburn and Chapin, 1983b) .
Quartz latite to rhyolite ash-flow tuff.
Ash-flow tuff and andesitic to latitic lava and breccia; formation thickness as much as 3,300 ft in southwestern San Mateo Mountains but thins eastward to 660 ft. Overlies about 3,300 ft of andesitic lava and thin interbedded lacustrine sediments of Red Rock Ranch Formation. Both formations may be strat igraphical ly equivalent to Spears Formation.
Ash-flow and air-fall tuffs overlain by rhyolitic to quartz latitic lava flows. Tuffs slightly to densely welded, locally vitric, compositional ly similar to overlying lava flows dated at 10.8+_0.4 and 12.1+0.5. m.y. Thickness as much as 300 ft.
Simple to compound cooling unit of rhyolite ash-flow tuff with few to moderate number of crystals; thickness as much as 6bO ft. Locally overlies La Jara Peak Basaltic Andesite.
Simple to compound cooling unit of densely welded, quartz latitic to rhyolitic ash-flow tuff with few to numerous crystals. Thickness 800 to 2,100 ft in Sawnill Canyon and Magdalena cauldrons; outflow facies as much as 400 ft thick. Locally overlain and underlain by tongues of La Jara Peak Basaltic Andesite.
Multiple-flow, simple cooling unit, densely welded, ash-flow tuff with few crystals; thickness as much as 800 ft. Locally overlain and underlain by tongues of La Jara Peak Basaltic Andesite.
Multiple-flow, compound cooling unit, densely welded, ash-flow tuff with few crystals. In Sawnill Canyon and Magdalena cauldrons as much as 3,000 ft thick; outflow facies as much as 500 ft thick. Radiometric date from overlying basalt. Chapin and others, 1978; Deal, 1973; Deal and Rhodes, 1976; Osburn and Chapin, 1983a , 1983b Chapin and others, 1978 Deal, 1973; Deal and Rhodes, 1976; Elston, 1976; Osburn and Chapin, 1983b Hells Simple cooling unit, rhyolite ash-flow tuff with few crystals; thickness as much as 650 ft.
Simple to compound cooling unit, slightly to moderately welded ash-flow tuff; thickness as much as 200 ft. Locally overlain and underlain by tongues of La Jara Peak Basaltic Andesite.
Simple cooling unit, slightly to moderately welded, ash-flow tuff with few crystals; thickness as much as 350 ft. Locally overlain and underlain by tongues of La Jara Peak Basaltic Andesite.
Compound cooling unit, moderately to densely welded ash-flow tuff with few crystals; thickness as much as 350 ft.
Similar in lithology and thickness to Rock House Canyon Tuff of county area SO-2. Interbedded in upper part of Spears Formation. Deal and Rhodes, 1976; Elston, 1976; Elston and others, 1976; Osburn and Chapin, 1983b Datil Elston (1968) exposed on northeast side, may represent post-collapse volcanism along ring fractures. Elston, 1968; Elston and others, 1970; Ratte 1981; Rhodes, 1976a , 1976b Bornhorst, 1976 Elston, 1978; Lopez and Bornhorst 1979 Elston, 1968; El ston and others, 197U; Ratte and Gaskill, 1975; Rhodes, 1976b Asymmetrical, shallow volcanic depression that is structurally transitional to a cauldron.
Eruptive history 10 to 12 m.y. ago. Sierra de las Uvas dome within the depression and adjacent synclinal moat represent resurgence.
Depression filled with maximum thickness of 1,800 ft of rhyolitic ash-flow tuff, epiclastic strata, and Uvas Basaltic Andesite, erupted from vents near center of depression and along major subsidence fracture zone on east margin.
Organ and Ice Canyon cauldrons formed 32.8 to 33.7 m.y. ago. Initial deposition of Cueva Tuff and tuff of Cox Ranch probably preceded major subsidence. Organ cauldron formed during eruption of tuff of Achenback Park.
Ice Canyon cauldron later formed with eruption of tuff of Squaw Mountain.
Little evidence of resurgence, although Organ Mountain batholith may represent resurgent phase. Seager and others, 1976 Seager and others, . demons, 1976 Seager and others, , 1979 El ston and others, 1976; Seager, 1973b , 1981 Seager and Brown, 1978 GRANT COUNTY Formed about 31 m.y. ago by eruption of basalt, andesite, and quartz latite lava and ash-flow tuff (Chapo Formation of Strongin, 1958) . Quartz monzonite stock with minimum age of 27.2_+_0.6 m.y. intruded and domed the cauldron.
Probably formed by eruption of Gillespie Tuff (32.9+0.7 m.y.). Northern margin closely aligned to that of Tullous cauldron. Lack of ring-fracture domes and moat deposits indicates that cauldron was pre-existing depression which was filled by Gillespie Tuff. Deal and others, 1978; Alper, 1965 Deal and others, 1978; Peterson, 1976; Strongin, 1958 Deal and others, 1978; Erb, 1978 Deal and others, 1978; Erb, 1978; Hayes, 1982 Deal and others, 1978; Elston and Erb, 1977; Zeller and Alper, 196b Deal and others, 1978; Elston, 1978 Deal and others, 1978; Marjaniemi, 1969 Deal and others, 1978 Deal and others, 1978 SOCORRO COUNTY
Magdalena and Sawmill Canyon cauldrons
Mount Withington cauldron Nogal Canyon cauldron Socorro cauldron
Interconnected cauldrons formed by eruption of La Jencia Tuff (about 31 m.y.). Tuff overlain by moat-fill deposits of Sawmill Canyon Formation. Moat-fill overlain by Lemitar Tuff which thickens within cauldron margins probably due to ponding (Osburn and Chapin, 1983a) . Socorro cauldron overlaps and buries eastern one-half of Sawmill Canyon cauldron.
Probably formed by eruption of South Canyon Tuff (26.7 m.y.); may consist of two or more nested cauldrons. Cauldron facies(?) tuff thickest in north-central San Mateo Mountains. Presence of large areas of outflow tuff within cauldron suggests this structure is inadequately defined and that any cauldrons present must be much smaller than previously suggested.
Probable source of the more than 2,100-ft-thick Vicks Peak Tuff. Southern margin outlined by arcuate faults and small stocks. Quartz latite lava flows, 2,300 ft thick, may represent post-cauldron activity on northern ring-fracture zone.
Source of Hells Mesa Tuff; moat filled with sedimentary and volcanic rocks of Luis Lopez Formation. Cauldron probably resurgent; maximum collapse along east side. Elongate east and west, and dimension lengthened by late Cenozoic crustal extension. Geophysical studies indicate rising magma bodies below ringfracture zone. Chapin and others, 1978; Deal, 1973; Osburn and Chapin, 1983a , 1983b Deal, 1973 Deal and Rhodes, 1976; Osburn and Chapin, 1983a , 1983b Chapin and others, 1978 Deal, 1973; Deal and Rhodes, 1976; Osburn and Chapin, 1983a , 1983b Chapin and others, 1978 Deal, 1973; Chapin, 1983a, 1983b; San ford and others, 1977 
